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ABSTRACT 
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water stabilization and deposition and .corrosion ^control in a water 
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ABSTRACT 



3as1c' Stabilization is a training miodule for water treatment; plant operators. 
It is prepared in objective form and is intended as a ^uide for an instr^jctor 
familiar v/ith, stabilization and corrosion control.. Upon- completion^^of this 
module tHe particifjant v/ill have a better understanding pf the analysis of 
tfvese problems and be ,able to iderUify and recommend control mea^ureS^. Parti- 
cipants shq^uld have some backgrouna in water chemistny and ana lysis a nd know- 
ledge of v/ater treatment &nd distribution systems. Total contact time will * 
be 10.0 hours. The instructor should have a blackboard, overbed projector 
and a, 2 X 2 slide projector. - * 
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Module No: 
'II2XWS 



Approx. time: 
10 hours 



Module Title.: ^ 
Basic Stabilization 



Submodule Tl'tle': 



Topic: 
Summary 



Objectives : Upon completion of this module, tHe 'participant Wi^ll be able to 

1. DescriJ)Q the stability analysis of a w^ter and deposition control . 

2. 'Describe the -common mechanisms of corrosion. ^ 

3. Describe methods of corrosion detection anci'evaluation • 

4i Describe methods of corrosion/control. \ \ " ; ' • 

5. rdentify special .areas of concern regarding deposition aitd 

corrosion control in water treatment. . ' ^ , 

t . . ■ ■ . . . ■ ■ ■ • ■ ■ . 



Instructional Aids: 

Handouts 
Transparencies 
SMdes • ^ 
pipe samples 



\ 



Instructional Approach:, ' 
CTass Presentation and Discussion 



References 



T 



'I. New York Health Department; Manual of Instruction for Vla.ter Treatment 
' . Plant ^Dberators 5 Health Edujcation Service. 

2. American Water Works Ass.oc1atton, Basic Water Treatment Operator's 

Manual , AWWA No. MlS, 1971. _ ^ .1 

3. Standard Methods for the Examination of Water & Wastewater, 14th Edition 



Class" Assignments :' ^ 

.Reading handout materials. * . . 

Re^d assigned material in references 1 and ^. 



Module No: 



Approx. Time: 

' r 

1.0 hour \ . 



Module Title:' 
Basic S'tj^i^ization 



Subnij^dule Title: 



Topic: 
Introduction'^ 



Objectives :Upon "Completion of this topic^ the participant will be able. to: 

1/ Describe stabilization |nd state the reasons "for^epo^iti on concerji. 
2. Describe corrosion and cite typical concerns. / ^ 

3/ Identify problem areas in treatmenfplants , wells and dis.tribution • 
systems. ' C ' / 



: I . 



Instructional Aids':. ' , 

Handout-Introduction ' 
Pipe samples 
-Slides ' • ^ 
Tnanspareneies-Typical Problems 



\ 



Instructional Approach: 



Discussion 



References : 
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1. New York Health Department, Manual of Instruction for VJater Treatment 

Plant Operators , Health Educatton Service. 

2. American <V.'ater Works Association/ Basic Water ♦Treatment Operator's - 

Manual , AWWA No./j^lS, 1971. . ' ^ 



\ 
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Class Assignments: * ^ 

Read handouts and reference assigned readings. c 
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Module^No: 
' II2XWS 



• 

Topic: 



Page 
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Introduction 



Instructor Notes: 




TRANS -BSl 
Stal?ilityV. Deposition 



• TRANS - BS2 
^. Corrosion 



Note: ' 

If Fusible, the instructor 
should c^eck v/ith water utili- 
ties and DEQ staff to obtain 
any examples of pipe .that de- 
monstrate corrosion or depo- 
sition for use in the class 
jand' return- 



Instructor Outline: 



1. 



Discuss stability of a water 

a. Really i^s CaCQ^ equilibria 

b. Used to help a'nalyze waters regarding 
deposition arid, corrosive tendency 



2. 



' 3, 



Discuss examples of de^si tio^ prdblems 
and note the reasons for concern with 
jeach example. , e.g. How does^the depo- 
si^tiQn interfere with a w^ter supply 
operation ' " 

Ask. participants to relate typical de- 
position problems frpm thejn experience 

• \ 



Discuss corrosion 
a. Chemical interaction 
or cliemical & metal 



water .&"metal 



b. Cite and discuss examples ,of corrosion 



5, Ask participants to relate typical cor- 
rosi'on problems from their experience 
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Module No: ' . 


Module Title: -* 


I' 

♦ > 


' II2XWS 


• # ^ * 

Basic Stabilization 


• 


• 


Submofiule title': 


1 

✓ 


.AppHox. Time: 


" ^ / 






Topic: 


— ' A- 


•2.0 hours 


Wat^ Chemistry and Water Softening'"^ • 





Objectives: Upoh completion of this topic, the participant »wi 1 1 be abl^ to 

1. List and describe significant; water\}uality parameters including* 

hardness, alkalinity, iron, chloride, fluorides, etc. 
*2. Describe stability indices*and typical analytical approaches. ^ 

3. Identify chemical^ interactions of cqncern in scale 'formd-tion , 
and corrosion. 

4: Describe lime-soda and ion ekch^nge softening and the resultant*, 
water quality. 



Langelaer and I^znar 



Instructional Aids: ' ■ ■ 

Handout-Water Chemistry; Stability Indices 
Tr'anspa^encies * 
Nalco Aquagraph- 



Instrtictional Approach: 



\ 

Discussion 



References : 



1. New York Health Department. ManuaV of Instruction for Water Treatment 

' Planjb' Operators \ Health Education Serfvice. ~ 

2. American Water Works Association, Basic; Jj^ter Treatment Operator's 

Manual , AUWA No.. •m8,;"l971.' ^ n, 

3. Standard flethods for the EVpiinatjj:^^? Water & Wastewater, 14th Edition 




Class As^signments :* 

Re^d handtDuts and assigned readings.,. 
Use Nalco Aquagraph. 



Module NQ^ 
• ^ II2XWS" 



Yepic: 



Water Chemistry and Water Softening 



•Instructor Notes; 



Instructor Outline: 



\ 'TRANS BS73' 
* Water Quality Parameter^. 



TRANS BS-4 ' 
* Water* Sqftening Reactions 



TRANS BS-5 
Saturation* pH 
TRANS BS-6 
. Saturation pK 
(Larson-Buswell Diagram) 



TRANS BS-7 
Stabilfty Indices 
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pres'ent, define 'and discuss the primary 1 
water quality parameters as-sociated with 
stability and *corrosioa. 

a. Comment on th^ -formation of precipi- 
tates and solubility , ,^ ' 

b. Distinguish between the carbonate and . 
and non-carbonate systems in hardness 
reducti/)n 

c. The emphasis should be oi> their mean- 
ing, significance- and* units not on 
cinalytical pt^ocedures, 

Desori'be the typical water softening 

reactions. • ♦ ... 

a. Stress the ncfture' of\ the treated ef- 
fluent quality from the proce^^s, 

b: Comment on the pH ranges, and excess 

lime precipitation process 
''c. Discuss the qualitative aspects, of 
ion. exchange effluent and include 
comments on blending to* achieve a fin- 
ished water quality \ 

Define and discuss saturation pH • 

a. CaCO-j equilibrium aspect 

b. Factors affecting pHs ' * . 
,c. Explain the v/ays in )^hi'ch it /can fc^e 

calculated (Nalco aquagraph / Larson- 
Buswell % Std. >Iethods) 

Discuss stability indices 
a. Note that the saturation index deno^tes 
tendencies 



Page* *^ 
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Module No: 
' II2XWS 



Topic: 



Water Chemistry and Wciter Softening 



Ins'1?rufctbr Notes : 



X 



Instructor Outline: 



I TRANS .BS-8 

^ Ryznkr Index Experiences 



Sample Problems . • 

1. Via Nalco Aquagraph: 

pHs 0 BO^'F - 7c.l 
pHs @ leo'^F - 6.2 

Viater is depc3siting by 
Ryznar- and Langelier 
analysis at ISO^Pr 

2. Ans. ~ 798 lbs using 
.8.33 lbs/gal 



-b. The Ryzna'r Index is ah at'temp't^to > . ; 
quantitatively indicate scaling and^ 
corrosiori ' 

c. -The RyzRBr Inde)^is an emperical 

development. Note e^cperlences with 
it in TRANS BS-8 

d. These indices are. guides not .absolute 
indie,at9rs. Use laboratory tests a'nd 

'system samples to evaYyate] what is 
happening 

, » * * 

5. Solve sample problems 

a. Stability index analysis for heated 
water commercial user. • 

b. Chemical requirenjehts to feed a 
corrosion inhibitor. 

c. Analyze.data provided by studen*t-parti- 
ci pants for their plants. 



» • 
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Module No: 
II2XWS 



Module Title: • 
Basic Stabilization 



Approx.' Time: 
1.5 hours 



SubmQdule Title: . 



Topic: 

Deposition Control 



Objectives :Upon completion of th\s topic, the participant wiTI i)e able. to ' 

'W Describe -the" factors affecting CaCOs deposition. . . ^ . 

2. Descri])e^the process af recarbonation f^^K^deposi ti on control . 
"3,, Identify the^roblems associated with deposition. 
4.. 'Describe the use of chelating chemicals in deposition control 
5. Identify special cases of deposition, e.g. silicates. 



Instructional Aids' 



Handouts-Recarbonatiop; Chelating Chemicals 
Transparencies* ^ . ^' 



Instructional Approach: 



Discussion 



References: ' - ^ v ^ . ^ . 

1. New Jfj'ork Health Department, - Manual of Instruction for Water Treatment ^ 
^ Plant Operat-ors , Health Education Service. ^ 

2. " American VJaten Works Association, Basic Hater Treatment Operator's . 

Ma/iuaT, AWUA No. Ml 8, 197-1. ^ : ^ 



Class Assfgnments:,.,^*.^-' ^ - . , 

Rtad .handouts* -and assigned readings. 

V 
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Module No; 
.II2XWS 



Topic: 



Page 



Depos i tiorre&fvtml 



.of_ 



Instructor Notes; 



Instructor Outline: 



TRANS. BS-9 
Recarbonation 



See reference article 
✓Ralston, P;H.^ "Inhibiting . 
•I Water Formed Deposits with 

Thresho'ld Oomposifions'i' . 

Material s Protection and 

Performance , p 39-44 June 

1972 

See N.y,.Manua> p. 215 • 
See M18 p. 73 
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Discuss factors effecting CaC02* deposi- 
tion including cfalcium concentration, 
temperature, pH, alkalinity and loss, of 
CO2* ' ' 

Discuss the purposes of recarbonation and 
the transformations that take place. - 

a. React with hydf-oxi'd^^ - 

b. pH Adjustment ' ' , , 

c. Mijiimiz6 'CaC02 deposition on filter 
media 

d. Comment on pH goals 

3. ^ -Discuss the problems associated wfth 

deposition ^ . - ' 

a / Clogging of plant ffeedlines and pif)ing 
.b. Increase in resistance to^ow arid 
decreased .flow coefficient, C. " 

c. Irregiilar deposition may set^p cor- 
rosion opportunities ' 

d. Heat transfer* problems in^priyate * 
and commercial water heating systems. 
Energy &* failures^ 

4. Discuss the use of chelating- chemicals,, 
a. Polyphosphat£5 will tie up or hold 

Calcium ,ions and minimize the depo- - 
sition of Ca CO^^ Comment on temper- 
ature instability. . ' | 
b-. Industrial watef^ practice uses phos- 
^ . phronates. 

5. Comment on s|5ecial cases of deposition ' * 
a. Silicates in fluosili'cic acid feeding 



y 
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ilodule Nfe 
V II2XW^ 



Topic: 



-Page 



Deposition Control 



1.0 



-Of. 



In^-^j^^tor Notes: 



See Ml 8 p. 61 T" 



r 




1 



Instructor Outline: 



.b. Calcium or. magnesium flut)rides 

c. Iron deposits due to^xidation of 
iron and/or combination, wJith hydro- 
x^ide\ ^ * • 

d. M&n§^ese deposits- 

e. Calcium carbonate, iron oxijdes- 

in well ^screens and use of acid^ 

e.g. muriatic actd. Chlori nation 

\ ' ^ ' . 

for iron bacteria. \ 



> 
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Module No: . . 
JI2XWS . 



Approx. Time;'. 
2.0 h'ours ■ / 



ModuleJitM* . 

Basic Stab il^iat ion 




Stibmodule 



TitV 



Topic: ^ 
Corrosion 



Objectives :Up.on completion of this tOf||c, the participant will be able-tb' * 

1. Describe the common mechanisms, of corriDsion including differential >^ 

^ . aeration, ga\\/anic and^ stray currents. . • • ^ 

2x Identify special cases of corrosicn, e.g. CO2, fluoride and chlorine-' 

' sys^eflf?. ' ^ ' • / 

3. Describe factors affecting corrosion. • ^ , 

4. Identify methods c^f corrosion detection including mate^;1al checks and 
water analysis. * . • / - 



Instructional Aids: i 

Handoyts-Corrosion Mechanisms; Detect-'ion Techniques 
Transpfirencies ^ - • 



Instructional Approach: 
Discussion 




References :. 



New York Health Depart^nent,. Manual of Instruction for VJater Treatment 

Plant Operators , Health Education Servjcq. 
American Water VJorks Association, Basic VJater Treatment Operator's • 
Manual , AWWA Nor^^lS/ 1971. ' • - 



Class''A5siqnments : , 

' • ' f 

Read handouts and reference assigpe^ readings. 



15 



Page 



• 12 



.of. 
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Module No: 




Topic: . • ... 










" - Corrosion 


r 
#• 




II2XWS .'• 











Instructor Notes; 



C Instructor Outline: 



Types of Corrosion Cells 
..^ " * TRANS BS-11 

Cerrosibn Cell ' 
Note: Go lightly on the <ie- 
tailed chepjjstry. This is 
covered- ip 'the advanced course 



TRAN§ BS-12 
Ga,lvanic. Series 



^1 



p. 57 M18 



p. 197 f^.Y. Manual 



p.215 f{,.Y. Manual 



1. Discuss the t;ypes of i^rrosion -.cells. 
Indicate examples of each of the typ.es 

. in water supply practice 

a. Galvanic ^ • ^ ' 

Differential Aeration 

c. ' Concentration Cells ' , '-^ 

d. Differential Stress 

e. Impressed Current • , ^ " 

^Note: Ask participants to citei personal exafu.- 

pies of -the corrqsion. cells in their 
^ experience, , * - 

2. Briefly comment ori special cases of 
corrosion. . 

/a. Handling of corrosive chemicals regard-, 
ing storage & piping e.g. acids, hypo-, 
chlorite solutions 
/ b/Copper corrosion from Soft waters con- 
"^^aining CO2 
c. Formation of aluminum^.oxide- deposits 
V d, Co,rrpsion of feed lines with fluoride 
salts ' , ' ^ 

3. Discuss factors that affegt corrosion* 
a. Type of -metal & dissimilar aspects 

; b,- pH - type of corrosion product and rela- 
tionship to stability 
c. >Oxygen - access to pGints on metal sur- 
• face \ 

* d. Flow velocity - oxygen availabV 
movement of corrosion products 
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Module No: 

* y2xws - 



Topic: 



Corrosion 



rnstructor /Jotes : . ^ 



TRANS BS-13 
if Sf^"^"^^^^^^ Coupon^s 

- . L 



Instructor Oatlirre: 



~ ^' ' . 

^ • 'Coatings 

fi^ Temperature -Ireac^ion i:'ates, stylubiU 



4. Discuss methods ol corrosiop detection 

a. Observations and/, reports of^stainiTig 
'and "red \5atdrT 

b, ^- Analyze. the watfer supply at various 
locations for iron cqncentrations 

c. ' Remove pipe sections, valves and fit- 
tings for obser\|ation 

d, *Use if qtiupons 4la' device for moni.tor-' 
ing corrosion orldeposi tio^i irates 
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Module No: 
II2XWS 



Approx. Time: 
Z.O, hours 



Module Title: 
Basic Stabilization 



Submadule Title: 



Topj c : 



Corrosion Control 



Objectives :Upon tompletion of this topic, the p^irticipapt wilVbe aBle»to 
• ' . * ■ ^ ' ' \ ' * 

1. List various approaches oV corrosion contropl. * < ' 

2^ Describe techniques of corrpsion control including water chemistry 
vchange, ,use oV inhibitors, coatings, material selecti-on and ^cathodi-c 
protection. , ' . ■ ' - . ^ ^ 



Instructional Aids': 

Handouts-£ontrdl Methods 
©ase Studies . ^ 
Transparencies 



Instructional Approach: 
Discussion 



References: ^ • n 

1. - NevTVork Health Department, flanlal of^-Instraction for Water Treatment 

Plant 0.peratQrs ,' Health *EdiJcatton Service. / , . ^ 

2. American Hater V/orks Association, Basic Water Treatmelit dperator's - 

Mamral, AWWA No. KlS, 1971. ^ , . 



Class Assionments: 

Re^d >handouts:a,nrf assigned reference readings. 
Cas.e studies' 



18 
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Module No: ' 


Topic: 






Corrosion Control 


^ II2XWS 


\ 




Instructor Notes: 


Instructor Outline; 







. - TRANS BS-1% 
Approaches to Corrosion Cohtrx) 



p.68 M18; p. 206 N.Y. Man." 
S6e Mullen & Ritter, "Pcftable 
Water >^orrosion Control", 
P.473-79.JAWWA, Aug. 1974 
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1. Review the various approaches to corro- 
sion control N 

Z. Describe and. discuss alternative techniques 
of corrosion control * * . 

"* » / 

a. Use of corrosion resistant materials 
e.g. stainless steel, aluminum, nfckelj 
' brass, asbestos , cement, concrete, PVC- ' 
-plastic, .fiberglass t^nks & piping 
, b. Use of coatings and linings ^e.g: galy^in-. 
izin.g, cement linings, coal tar enamelsi 
resins and paints^- zjnc silicate paints 
c. Deposition of CaCO^; pH adjustment e*g. ^ 

use of lime, soda ash or Cc^stic soda 
^ raise SA. to: .+b.8 to 1.2 - , ^ 

*q. Use pf protective chemical coatings'^ei^j. 
^ cathodic inhibitdrs, phosphates- especfal- 
' ly zinc-phosphate 
. e. Cathodic protection, e^.g. use of sac- 
rificial arfodes in water tanks and > 
treatment units 
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Module No: 
■ II2XUS 



Appro5^. Time: 
-i*0 hour ^ 



Module Title: ^ 
Basic Stabilization 



Submodule Title: 



Topic: • 
MiscellaneoMS Topics and Summary ^ 



Objectives :Upon completion of this topic,. , the participant will be able.to 

t.1. Identify some speciaT^l^ated areas of concern including marin flushing', 
iron bacteria, sulfate- breakdown, storage and hand]ing of corrosive . 
and -depositing chemicals. ' " . - . ' ^ 

Recognize the interrelationships of stabilization^depbsition and 
.corrosion control and various water -treatment systems. 



Instructional Aids : 

Handout ' • ' o 
Transparencies 



Instruttional Approaph: 
Discussion 



References: ^ ' ... 

1. New York Health Depa*tjnent, HanuaT of Instruction for Hater Treatment 
Plant Operators , Health Education*'' Service. T 
/2. American Water Works Association*, Bas.fb Water Treatment Operator's . 
Manual , AWWA No. M18, 1971. ' 



Class Assignments: 
Read handouts and assigned reference readings. 
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Module No: • ' ^ 
II2XWS ^ 


Topic: 


Miscellaneoas Topics and Summary 


Instructor Notes: ^ 


Instructor- OjJtllne: 

' ^' 


* 




/ 

1. Biscuss S'bme areas 9f related concern 
a. Incidence of iron bacterid - source, 
' filamentous nature, depps^its , jDroblems 
and possible treatmeat- measur4s. e.g. 
chlori'jie and copper sulfate 
br Sulfate breakdo\fth in low. flow areas ' - 




f 


^ release^ of HgS _ ^ . . ' 
c. Water main flushing - does not solve 




problems. Dislodging deposits^ 
Purpo^^,'* ■ ' _ , ^ 
.d. Storage &" handling of chemicals fluor- 






ides, chlbrine re-corrosion & deposi-- 

tion , ' ' ' . . 
• ^4 - 






2. Summarize the chemical int^errelationships ^ r 
of 'CaCO^ deposition and its roTe in-corro- 










sion preventipri in chemical softening and 






ion exchange treatment plants. 










It 

J 




' / ' • - - - 


. ■ ' 1 


• • 


* 
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Module No's: 
II2XWS &'II3ADWS 



Topic: 



Reference Materials Utilized in Developing 
^ The Modules-; ' * . ^ 



Instructor Notes: 



Chlorine Feeding, p. 45-58 

^ron & Manganese Control, p. 
59-62 

Scaling & Corrosion Control , 
. p. 6^-68 

Fluoride i;eeding, p, 72-73 



Softening, p. 171-78 

Corrosion & corrosion control, 
p. 197-207 

Fluoride deposition, p. 214.-15 

Operation- & Maintenance of 
Distribution Systems, 219-20 

Plant Structures, p. 234 

Mhrble'test, p, 281 -83 



Filters in Softening Plants; 
p. 277-78 

Corrosion Phenomena - Causes 
and Cures, p. 295-312 - 

Chemistr^y of the Lime-Sodci . 
R^qcess, p. 313-39 

Iron and Manganese; p. 378-396 

Hydrofluosilicif Acid, ^419-20 

Nuisance organisms, p. 494. 

'Wells, P.60-.67, 73-77. 

Metallic Corrosion ,\p. 274-88 

Recarbonation , p. 514-88 

Misc. metlwds of .treat., p. 
572-77 



Instructor Outline: 



AWWA , Basic- Water Treatment' Oj^'era tor 'sj - 
^ ; 'Manual, AWWA Nq.MIS, 192.^ 
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N.Y. of J^ealtH, Manua l'' of Instruction 

for. Wat^r freatme^nt Plant Operators , 
Health E^duc. Service, N.Y* » 



AWW^,'Inc. Water Qu-al:ity and Treatment, 
3rd Edit. McGravi-HiTl ,?1971 




Babbitt, H.E.-, PDlandr J.J. , Cleasby, Jtl. 
Water Supply Engineering , 1962 
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-Of, 



Module No's: 
yZlWS & II3ADWS 



^ P. * Reference Materials Utilized ^"n Developing 
• The Modules 

^-A : . 



Instructor Notes: 



Instructor Outline: 



Calcium Carbonate Saturatiorv, ] Amer. Public Health Assoc., Standard Methods! 

P- 61-63 I .For the] Examination of Waten and- Waste- 

Iron &. Sulfur.. Bacteria. 993-999 . ""^^^ Edition, 1976 



Chemical equilibria, p. 31-38-,- 
p.59 

Alkalinity, p. 327-39 
Hardness, p. 347-355 
Water Softening, p. 356-62 \ 
Iron & Manganese, p. 446-52 



Ctiemical Precipft&tion , Stabi- 
lization and lon^ Exchange, 
p. 29-1 to 29-,34 

OS ion", 30-15 to 30-26 ' 



Sawj^er, C.N. & McCarty, P.L., Chemistry for 
Sanitary Engineers , 2nd Edit. 1967 




Fair.'^.M., Geyer, J.C. & Okun, D.A., 
Water and Wastewater Engineering ", Vol 
2. 1968 ' < ■ 



Xleber^j John, P-i "The Effect o^^ Water Quality^ 
on" the Corrosion of Pipe .Lines" , p264-290 ' 
Proceedings of' the Second Amiual Undery ^"^ 
ground Torrosion Short Course. Late 1950's 

•• . . 

Larson, T.E. "Corrosion by Domestic Waters" ' 
Illinois "State Water Survey Study, 48 pages, 
mid 1970's 

• "l ■" ■ ^ ' ■ /'-y ' 

Ralstoti," P.H.S, "Inhibiting Wate^H^orffied Depo- 
se* ts wifel1["*fhreshold'Compositions" , p.. 39-44, 
V.11\No6 Materials Protection and Perfor- ^ 
mance^ , June 1972 

. * ' • \ ■ . - ^ ; 

Mullen E.D:. & fitter., J. A. "Potable Water 
corrosion Control^' p. 473-79, JAWWA, Aug 
1574" . . ; K^. 

Corrosion AVticle Series - Aug %74^ JAWWA ' 

Weers, W.A. & MiddlebVooks , E.'j.i "A. Review of 
the Theory and Control of Corrosion", R18-R28, = 
Hater and Sewage Works , Ref. No.- 1967. " 
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TRANSPARENCIES 
foe 

TRAINING MODULE II25(WS 
Basic Stabilization 
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STABILITY - d'ePOSITIOI^ 



STABILITY - CaCOa' EQUILIBRIUM. A QHARACTERI.STIC OF A WATER RELATED. 
'■ T - JO ITS TENDENCY TO' DEPOSIT CaCOa OR BE CORROSIVE TO. METAL . 
.SURFACES ^ . ■ . 

DEPOSITION 150NCERNS . , 



- DEPOSITION IN TREATMENT PROCESS EQUIPMENT AND PIPING - eg. CaCQs^ 
Iron oxides, CaF - Interference with flow and operations 

DEPOSITION ON FILTER MEDIA - Media' change, backwashing — ^ 

"DEPOSITION Ol^ CaC03 IN DISTRIBUTION; SYSTEM - Resistance to l^low. Inc. 
head loss ' ' ' • ' • ' 

DEPOSITION 'fe HEATED .WATER 'SYSTEMS - Heat transfer, failure 

IRON DEPOSITS FRONTCORROS ION OR NATURAL SOURCES n Iron bacteria. Tuber 
• ■ cul a'ti on retaining, Wcrter flow 

"MANGANESE DEfpSITS FROM'NATURAL Mn SOUR C.ES_-^ Staining 



WELL SCREEN ^NCRUSTATION AND WELL EQUIPMENT DEPOSITS - Restrict flow 



TRANS BS-1 



CORROSION/ ■ . 

' CORROSION - THE DESTRUCTION OF A METAL BY CHEMICAL OR ELECTROCHEMICAL 
REACTION WITH ITS ENVIRONMENT 




LOSS OF METAS>EEW<I^P'IN6 DUET TO WATER-METAL SURFACE' ACTION - Pitting ; •/ 



INCREASE IN IRON CONTENT OF WATER SUPP.LY - Staining 



DEVELOPMEtiT OF IRON DEPOSIT'S - Tuberculation , staining,* water flovy/ •• ■> . 

, . ^ ■ . . . - - ^ . ' • * . * 

DETERIORATION OF PROCESS EQUIPMENT IN CHEMICAL *^EEa AREAS - eg. .Hypochlor'fte 

'H2SiF6 , - ' . 

EXTERNAL CORROSION OF METAL SURGES IN'PR^SS AJ^EAS, PIPE GALLERIES. 
. Interference, AppeaYance 

EXTERNAL CORROSION OF BURIEC^PE 

COPPER CORROSION WITH SOFT/WATER - Staining 

WELL SCREENS,' CASINGS, SHAFTS ^' •• 



WATER QUALITY PARAMETERS 



nH Inn _L_ ^^^^ 7 - Acid 

" Lh"^] greater than 7 - Alkaline 



ALKALINITY - Hydroxide (OH"0 . 

Carbonate (CO3) _ . 
^Bi^carbonate (HC05) 

HARDNESS ^-^^"""^Wi urn {Ca'^); Magnesium, (Mg"^"^) 

^^jS^bonate Alkalinity e.g. HCO^) 
t Non-c^bonate (-^--SO^) 

IRON T Ferrous (Fe ); Ferric (Fe ) 

PHOSPHORUS Polyphosphate e.g. Na3(P0^^g. 

Orthophosphate e.g.^Nar2P0^ 

. Polyphosphates hydrolyze in atiueo|bS solution 
I ' to the ortho form - rate of reversion increases 

^ ' 'wfth temperatdre increases. 



t 



^ TRANS B5-3 

I 

27 



- WATER SOFTENING REACTIONS 
ChemicaL Precipri tation • 

Ca(HC03)2 + Ca(0H)2 = 2 CaCOf^ + 2 H2O 

'Mg(HC03)2 + Ca(0H)2 = CaCOa + MgCOa + 2 H2O 

MgCOa + Ca(0H)2 f CaCOa + Mq(OH.)g 

»• ' . ■ 

.'M9S.O4 + Ca(OH)^ = CaS04 + Mg(OH.)? 

.CaS04 + Na2C03 = CaCO^ + Na2S% 

CO2 '+ Ca(0H)2 . = CfiCOj + H2O 

Ion Exchange 
'Wg] ("^°3) = NaaR- = ^ + 2 NaHC03 



■ \ 
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.•SATURATION pH 



THE pH AT WHICH WATER WOULD NEITH6R DEPOSIT NOR DISSOLVE 
. CALCIUM CARBOIJIATE 



FACTORS AFFECTIWG pHs ARE: Calcium 

* • .Alkalinity 

Temperature \ . . 
Total Dissolved Solids 



Cj^ULATION: • ' . 

1. ■ USE NALCO AQUAGRAPH 

2. USE LARSON-Bl^M DIAGRAM ' 

3. USE STANDARD METHODS TABLES, (p. 62) 




s 



•4 A 
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PAGE 25 "SATURATION PH LARSON-BUSWELL DIAGRAM' 
REMQVED PRIOR TO BEING SHIPPED" TO EDRS FOR' 
FILMING DUE TO COPYRIGHT RESTRICTIONS, 



STABILITY INDLCES / 

LANGELIER'S SATURATION INtfEX. ($.!..> 

_ S.I. = pH Actual pHs 

Where pHs is the pH of saturation 

'A plus value indicates u . * . 
A lack of excess' CO2 * 
CaC03 scale:- forming qualities 

»A minus value indicates:* 
Y \ An excess, of CO^ 

Scale dissolving ppefTerties 



Note : The S.I. is not quantitative |ut shows 
directional tendency 



- RYZNAR INDEX (RM.) — ' 

R.I. = 2 pHs — pH ' > J 

Values greater.^^than 7.0 indicate a corcosive water 
^ Values Jess^^hjfcli 7.0 indicate a scale-forming water. 

Note : • The Nalco Aquagraph uses. 6.0 as a -breakpoint. Also, 
see^ figure*, => . ' . ^ , 



TRANS BS-7. 
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iR -INDEX . 



MCRUSTAliON 




HtAVy SCAIC AT 60'F 
HZAVr SCALE tN HOT V,ATt« HtAURS 
HtAVT SCAtt iS MUTtRS ANO COILS 
SCAie IN HCAURS 
SCALE InViEATEBS 
SCALE W MtAURS * 
SCALE W H£ATE« COILS 
jOjl5-iCn£ AT 60* r 



* 10 



SCALE JX hEAU« unless polyphosphate AODtO 
SLIGHT SCALE-CC^FCSJOn HIGH lEfc'P.-POLYPMOSPHATt, PRESE^f^ 
NO C-ffiCLTLTJES EXPEfi'ENCCO 
COVPLA'NIS NfGl'G3LCv 1 
NO*SCAL£ OR CO«JSOS.ON ' \ 
. PRACTICALLY NO P£0 V.'Altfl COMPUINTS 

ONLY Slight ccrrosjcn at iso* ^- 

SCAL£ IN VAINS 
PftACnCAlLY hQ COWPU'NTS 
COfiWSIDM I 
■QUJTC CCRRCStVC AT ISO* F 
fcOf;RCJION IN HOI V;aT£R HCATERS 

CO««0$10n'»N COlO \':kn^ Tnes - 

SEVERE ^O'JSpS'ON-nEO V.'ATtR 
SO^'t CORfiOS.CN IN COL[> WATER VAINS 
32* RED ^AlCft COK'PLAtNTJ in ONE YtW 
CO*aOS:ON IN COlO V/AIER MAtNS 
CC^^CSlON »# COLD WATER i'A'NS ' 
NU'VEPCUS CCMPLAtNTSjOF RED WATER 

RED V.ATER . j 

StR^JUS COKaOS.ON AT UO* F 
23« K£0 \^ATER tO',^?U-NTS IN ONE YEAR 
VtRV CORROSIVE AT )S0* F I 

SEVERE CORROSION - RED WATEJt * 



coj 



:CO<>POS»VE AT 60* F 



cSrros^e to cclo water I/AINS 

I ,1 

VERY CORROSIVE AT 60' AND 150» F 
CO*»IOS}0'* III ENT.RE SYSTEM 



SE <^£RELY CORROSIVE JO MAINS AND INSTALLATIONS 



XScAtc Reported 
OCofTOKin I 



TRANS BS^8 
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RECARBONATION 



EXCESS. LIME ( Hydroxide) 

Ca + 2 OH" -f CO2 CaC03 + HgO . 

r 

SUPERSATURATION WITH C.aCO^' 

I 

CO2 + CO3 + HgO 'r 2 HCO3 

■ \ • . -• 

MAGNESIUM HYDROXIDE " 

» ■ 

^ 'Mg"*"^ + 2 OH" + CO2— > Mg"^"^ + CO3 + HgO 



ERIC 
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TYPES OF CORROSION'CELLS 
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CORROSION CELL - . AN ELECTROLYTIC CELL IN" WHICH METAL 

• , IS REMOVED FROM TH^ ANODIC (Negative) 
AREA DURING THE PAS'SAGE OF DIRECT . 
' . CURRENT BETWEEN THE'CATHODIC (Positive) 
/ .V AREA AtJD ,THE ANODI^^•AREA. 

,^ TYPES QF... CELLS 

GALVANITTy . ' ( DISSIMILAR METALS^e.g. CAST IRON and 
^ . -COPPER ^ • 

DIFFERENTIAL IKrATION - TWO PORTIONS OF THE METAL' RECEIVE OXYGEN 

AT DIFFERENT RATES ^ . / 

CONCENTRATION CELLS - THE VARIATION "IN CONCENTRATION OF DIFFER- 
ENT SUBSTANCES IN SOILS CAN CAUSE' A COR- 
^ . .. ROSION CELL TO BE FOty^ED . 

DIFFERENTIAL STRESS - STRESSES e.g. WELDING CHANGE THE PHYSICAL 

• ' CHARACTERISTICS OF A METAL - CAN' AFFECT 
<r ITS. ELECTRO-POTENTIAL 

IMPRESSED-CURRENT - WHERE "GROUNDING" IS PRACT5CED. THE " • 
• . . LOCATION- WHERE THE CURRENT LEAVES (Anodic 

Area) MAY SHOW INCREASED CORROSION • 

> i - ■ ' 



TRANS- BS-IO V 



CORROSION 'CELL 




'■>■ 

Interior, 
surface 



COMMENT : AREAS OF ACTIVITY • 

— THE AREA TO WHiCH OXYGEN HAS tASlEST ACCESS f 
TENDS TO BECOME THE CATHODIC AREA. 

— THE AREA tO WHICH OXYGEN HAS ACCESS WITH - 
DIFFICULTY BECOMES THE AN6|DIC AREA. • 

EXAMPLES OF ANODIC AREAS OR AREAS SHELTERED AGAINST OXYGEN 
ARE: . . y ■ ' ' 



PITS OR DEPRESSIONS IN THE METAL 



AREAS- UNDERLYING MILL" SCALE OR" PRODUCTS OF 
CORROSION' :' ' . . * 

AREAS BELOW BIOLOGICAL GROWTHS 



J 
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Galvanic Series of Metals and Alloys 

* \ 




, Corroded end / 

(Anodic or least noble) 



Protected end 

(Cathodic or most noble) 



Magnesiip - * 

Zinc- 
Aluminum (commercial pur^e) 
Sfeel or iron 
Cast iron . 
Lead 

Tin ' " ^ 

Brasses 

Copper ' / 
Brorv2e^ ' / * ^ 

ChromfQm r<- iron (passive) . 
Silver* 
'^Graphite - 
Gild - ■ 
Platinum 
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: COUPON EVALUATION in DISTRIBUTION 
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Q 



StMl 



r\ 



KoldtntSatw "-S 



Coupoo«10»0 ■ 




Comport 



N onco«ducto«CSuppori 



(4) © ® 



1 



Fig. 5. Distribution-Syste'm Coupon-Holder Assembly 




•Ref: Mullen ■& Ritter, 
^ "Potable Water Corrosion 
Contro*", p. 473-79, J- 



AWWAx,Aug. 1974. 



i 



Fig. 6. Corrosion Coupon Assennbly 



AV/WA WATER QUALITY GOAL:" ^90 day tests • 

less steel not to exceed 0.05 mg/sq.coi. 

c 

galvanized iron not to exceed 5.0 mg/sq.cm. 
Seotember 1973 ' * 



Incrustation on^ stair 
Loss by corVosion of 



Ref: p. 62 AWWA Journal I 
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APt'ROACHES TO CORROS^ION- CONTROL 




' 6^)RR0SI0N RESISTANT/ MATEfflALS 

use' COATINGS AND LININGS 

^ /" . 

' .' DEPOSITION OF CaC03 AND pH ADJUSTMENT 

/ 

PROTECTIVE CHEMICAL COATINGS 
CATHODIC PROT£CTION 



/ • 
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PARTICIPAN.T. INSTRUCTIONAL MATERIALS 



I. Each participant will receive .an outline .of the module topics. with supple- 
mental comments as .appropriate. TfVis outline is to assist the participant 
In preparing for class discussions and guiding tf\e students in their study 
- of ilfeference materials and transparencies. 

U. ''students jftfil 1 receive a xerox copy of each transparency/ If desired, NALCO 
aquagraphs can be obtained from the' NALCO Chemical Co., Chicago, Illinois. 



Ilk The Neve J;Ork Manual and the AWWA M18 Manual should prqb^ably be required for 
the modules. They should be owned* by the participants as they are. of value 
fdr other modules and as general references^ i ^ \ ' » 

* \ ' ' V . > ' * 

If the participanl:s do' not own these references then permission should be^ 
ob^tained to provide them w4th xerox coj)les of the primary subject material. 

IV. Some^of the examination questions could be used as xl^ss study questions cyr' 
a means for evaluation of the instruction. They could also be suppleo 
based on the instructor's treatment of the topirs. ( 

» » V 
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" ir2xws BASIC Stabilization module . 

c 

STUDENT OUTLINE . . ' 

Note : Participants will recei-ve a copy of each ..transparency used in 

•the presentations. Participants will receive* appropriate refer- 
ence material from the New York Heajth Dept. Manual , of-^nstruC" 
^ tion for Water Treatment Plajit Operators and from the AWWA M18, 
Basic Water Treatment Operator's Manual. \ 



Participants are encouraged ta bring documented exampVes o^ cor-^ 
rosion and deposition problems and solutions ta the class^or 
group discussion and an^tlysis. Pipe or fitting samples and/or 
photographs are especial ly'of interest. ' 

c ' • " ' 

I, Introduction 

'a. Stability of Water (Trans BS-1) 

1. t^elates to^CaCOo equilibria - is a water depositing or>not 
x regarding CaCOgf' . " - ' 

2. It "fe used to nelp analyze water supply tendenciies to be 
.depositing or corrosive. 

B. Examples of deposition. (Trans BS-1) 

1. , Note the types of deposition problems. I 

2. Observe the nature of the interference with, a water supply 
function . • 

3. Describe examples of deposition problems in your water 
, 'supply^ and treatitient system • * • ^ 

' C. Corrosion (Tr^ns BS-2) 

T.,, tiate the definition and chemical nature of corrosion 

2. Observe^ the' types of corrosion and note the water supply 

problem a&sociatedi»?with each tjipe 

3* Describe examples of corrosion problems in your water supply 

an'd treatment system * . . 

II. Water Cji^'mistry and Water Softening \ ' 

• A. Review and discuss typical water quality pcirameters (Trans BS~3)' 
• . 1. pH - alkalinity - precipitation relationships ^ , 

2. ' Note ^typeS of hardness and how tKey relate to each other 

3, Note tKe forms of iron and the more insoluble ferric state 
^ and the more insoluble ferric state and its precipitates 

. 4. Compare ^polyphosphates - Na-5(P0^)c and orthophosphates 
NagPO* . " ... 

B* Water softening reactions (Trans BS-4) 

> 1.. Review the typical chemicaT reactions - , • 

2. ' Note the higher pH requirements for magnesium removal. 

The unreacted lime and high OH" cancentrations lead to the * 
need for recarbonation. . Lime softened waters, tend to be 
• , depositing* : * . , ' • ^ 



f 
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.3. In ion exchange note that there is no decrease in alkalinity. 
Ion exchange waters need blending for optimum water quality 
and stability. They tend to' be corrosive waters. 

C. Saturation pH (Trans BS-5 &'BS-6) 

1, .Note that the saturation pH refers to the CaCO-. equilibrium 

2. Note ^he fadtors affecting pHs, Observe, changes in pHs as 
you change the water quality fac^tors. (Use Larson-Boswell 
Diagram or Nalco Aquagraph) ^ ' . ^ 

Stability indices (Trans BS-7 & BS-8) 
^ 1. Note that the Langelier (S,r.) Index indicates tendencies 
and the numerical values do not denote quantities. ^.^ 
' ' 2. The Ryznar Index was developed with the intent to quantita- 

. tively predict scaling or corrosipn. Trans BS-8 illustrates • 
some experiences with various R,I. valiies. 
^ 3. These indices are guides not absolute indicators. Laboratory 
tests and field water system samples s^m)uld be used to fur- 
ther evaluate the response of any water system. 

III. Deposition Control 

A. Review the factors that affect CaCO^. deposition including calcium 
concentration, temperature, pH, alkwinity, TDS and loss of COo. 

B. Note the recarbonation reactions in chemicaT softening (Trans BS-9) 

1. The functions of the COp addition include reaction with 
hydroxide, pH c^djustment and decreased CaCO^ deposition 

2. The purposes of recarbonation relate to the stability of the 
treated water in the water plant e.g. minimize deposition of 
CaCO^ on filter media and in the distribution system* 

C. What are the problems associated with deposition 

1. Plant piping and fittings may become clogged with deposits 
and not*. function properly. 
. i Piping systems may develop an increased resistance to flow. 

This could result in increased head (pressure) loss and affect 
/ ' flow rates and pumping energy requirements. 

3. Irregular deposition in piping could lead to the development 
^ of -differential aeration corrosion cells. 

4. Deposits on heating surfaces result in increased .energy re- 
quirements in heated water systems. Severe deposition could 
result in failure of the system. ' • < 

.D. Deposition rates can be affected by>the gse of. chelating (seques- 
tering) chemicals , • 

1.^ Polyphosphates can be used to tie-up or hold calcium ions- in 
solution and control or minimize their deposition as CaCOw. 
' ^2. -Polyphosphates ^re used. ahead of rapid sand filters' and ' 
in distrib.ution Systems; 

3. Some polyphosphates revert.back to ortho phosphate form and 
Jose their chelating ability. This change increases with 
tem'perature e.g. in a 140^ F hot water system. 

4. PolypTiosphates can also tie-up or hold soluble iron (ferrous) 
in solution. 

t ' 'W - • ■ 
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5, Industrial water opera^h^s have successfully used phos- 
phates as' chelates. ' ^ i • ^ 

E. There are many special cases of depbsition in water systems^ 
Some examples include the following" • * 
1.. S^ilicates in fluosilTcic acid feeding 

2. Calcium and/or magnesium fluorides 

3. Iron deposits - oxides and hydroxides 
4'. Manganese deposits 

5. CaCOj) iron oxides etc. in well screens : 
' Corrosion * o ' \ - * 

A. * Note the various types of corrosion cells (Trans BS-10) 

1. Note the features of a typical differential aeration cell 
• (Trans BS-11) ^ " ' 

2. ^ The galvanic series (Trans BS-l?)" can be used to help pre- 

dict potential for galvanic-corrosion due to dissimilar 
• metals ' " 

B. There are several additional types of ^orrosion occurrences. 
They include 

1. Handling of corrosive chemicals e.g\acids, hypochlorite 

solutions ' . ' :s 

2. Copper corrosion due to soft waters containing CQ2 arid 
Mother anions e.g. chlorides | 

Aluminum oxides * ^ ' * 

4. Feed line corrosion with fluoride salts 



/ 

/ 



C. Several physical* and chemical' factors affect corrosion and 
corrosion rates . . - ^ * 
1. The nature of connecting metal surfaces in the galvanic 

series can result in a corrosion- incident 
' 2. High pH values (>9.5) terid to decrease, .corrosion rates due^ 

to deposition oft CaCO^ and corrosion products 
, 3. Differential access of dissolved oxygen to metal -srurfaces ^ 

can lead to the development and continuation of corrosion ' 

cells . ' , ' ' 

4. Increases in flow velocities can increase oxygen avail abil- ; 

1ty, increase the^ removal of corrosion products and extend 

the distribution of corrosion products and coatings.? 
^ 5. Increases in^temperature tend to increase corrosion rates 

and also affect the solubility of compounds e.g. CaCO^. 

D. - Corre^ i op detection . * " . 

1. The existence of corrosion of iron piping can be noted by 
observing "red water" condition^, staining and tuberculaEtion^ 
of^the interior surfaces of piping. 

2i ' Increases in'iron concentration in the^ water supply distfibu- 
tion system are indications of corroS'ion in the system 

3. Pipe sectiorTs,' valves or fittings can be removed for inspect'ion 

4. Coupons (Trans BS-13) can be inserted in piping systems to 
monitor corrosi*pn and deposition . : ' 



Corrosion control ^ *- ' * ' • . 

A. Review the approaches to corrosion control (trans BS-14)" 

B. Many laternate tethfiiques can be used alone or in combination ^ 
'to achieve corrosion control . 

' 1. Corrosion resistant materials e.g. stainless steel, aluminum, 
nickel', brass, asbestos cement, concrete, PVC p^lastic and 
others can be lise^. Rberglass and rubber/lined tanks for 
chemicals are used 

'2. -Metals can b^ galvanized and cement linings are commonly 
ysed* Various paints and chemical coatings can be applied 
*e.g. coal tar enamels, epoxy resins^ a'nd,paints< zinc silicate 
paints, etc. ' ' * , ' 

3. The pH of the finished' water may be adjusted by alkali feed 
(lime, soda ash, caustic soda) to r^aise the Langelier Index 
to a positive value say 0.8 to 1.2. This procedure is an 
attempt to have a CaCOo depositing water. 

.4. Protective chemical co3ting« may be created by adding catho- 
dic inhibitors. Phosphate only feeds must be quite high and' 
there is a probable EPA water quality limitation on phosphate 
Tevels. Success with b zinc-ortho phoisphate .compound has 
been reported. ' ^ ' - 

5. The concept of cathodi'c protection i^n be practiced. , A sacri 
ficial metal (anode), pne that will corrode based on the 
galvanic series, can be utilized e.g. magnesium in water 
heaters. \ This type of control has been successful for water 
storage tahks and wetter treatment uni.ts. 




Miscellaneous Topics and Summary . ' 

\. There are several areas. of. concern in water supply, treatment 
and distribution that relate to corrosion and deposition problems 
Some example include * . • • ^ 

1. Iron bac^eri?^ are associated with iron problems in wells and 
distribution systems'. ^*;^- They can cause staining, iron , deposits 
.and Interference with flow. Copper sulfate and chlorine have 
' been used as treatment'measures^ 

2. * In water distribution systems with low fTjDW -regions and high 

sulfate 'levels, sulfate", can break down bacterial ly to release 

• HpS. The HpS can react further to^form acid solutions and/or 

• "sulfide deposits. ^ * ,^ 

^ 3. Flushing of water mains is practiced to remove build-ups of 
deposits. It is also used to temporarily minimize "red » 
water" problems in local areas. Flushing 'is a temporary 
solution, and can also cause problems with deposit movenent. 
^ 4. Many chemicals must be '-stored and handled with concern for 
deposition and/or corrosion corfditions e.g. fluorides , 
chlotine solutions ' ^ ^ 

5. Note the intef-relationships of CaCOg deposition as a problem, 
if in excess, and as a soliftion- to corrosion control . Note the 
' different^app roaches to chemical ly softened waters and- ion ^ , 
exchange softened waters. ' • .* 



SAMPLE PROBLEMS 

Your municipality is- supplying water of the following quality 
to a commercial ^user. They ar^' heating the water to 160^F for 
use in a laundry operation. They are losing;»th>eir water heaters 
wi thin' 2 years and they have a 5 year warranty. By analyzing 
the water* stability indicate what you think may be the problem. 
The water receives no treatment prior to the heaters. " . 

^ \' • . 

'Calcium 'Hardness .\250 mg/1 Total dissolved solids 400 mg/1 

Al kal i ni ty J\00' Temperature • 50^ F 

pH . / 7\0 - ■ a 



A water treatment pTant has decided to add 1.5 mg^TI of a corrosion 
inhibitor to its finished water. If the , average rhow is 710,000 
gpd, how many pounds of chemical would be needed for a 90 day 
supply?^ . . * . ' 
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* EXAMINATION QUESTIONS 

Note : . The sequence of questions , generally follows the pattern of topics ^ 
^nd objective? presented in the module. . <^ . ' ^ 

!• When a water is considered to^be stable " . . . - 

• 9^ . • . ' * . . 

a. It will cause. iron to*go into solution readily 
'It will deposit CaCOa , ' 

c, - Phosphates should be added to oxidize the iron 

d. It will not deposit CaCOa ' ' • . 

2. or F . 

Tuberculation refers to a water borne bacterial disease. 
'3. The deposition of XaC03 in, piping systems. , 

a. Is associated with 'lime' softening plants 

b. Will increase the 'resistance to flow 
c* .Can liijiit the carrying^ capacity (flow) 

^ ' All of the above , * - 

4. Deposit5'Of CaC03 can be extended further i nto. the -distribution system 
by using ' " 

. a. Carbon d%xide ' ♦ ' , - 

b. Polyph^osprvates ^ . ^ ' y 

. ' , c: Soda ash' ^ f 

Potassium ^permanganate 

5, Two causes of ^well screen blockage or deposits are ' ... 

a, _; [ [ ' ' ' 

b, ' / ' ^ ' . / . • 



6, T or f ^ ' , • ' . , 

One of the primary factors that affect external corrosion of pipe is 
the soil- chemistry. * * . * * ^ 

7. Two specific examples of deposition in a water treatment plant are 



b. 



s 8. ' T ' or *F , J 

Hard welters' tan result/On depositi^on problems with some fluoride , * 
feeder-^ \ ^ ' ' ^ - ^ 

• 9- T or ^.F ^ " . * ; ^ 

« Soft waters are especially corrosive tO:copper piping systems. 
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10. T or F • , 

Cation exchange softened waters tenjT^o be corrosive waters. 

11. A positive Langelier Index indicates that a Water 

a. Contains too mtrch manganese 

' 'b. Tends to ,be a depositing water' (CaCOs) 
, c. Tends to be corrosive' to iron - 
d. Has excess magnesium 

12. The alkalinity of most ground water supplies .is primarily due to 

• a. BicafrbjDnates (HCO3) . ' * ^ • . • 

b. Hydroxide (OH) 

c. Carbonate (CO3) / - ^ ^ . 

d. " iron oxides (FegOs) 

13. T ' or 'f , ' ^ ' 

.In lime softening the alkalinity of the water supply is decreased/ 
the pH increased and the, iron content decreased, 

14. T or F *x ^ ' 



The calcium hardness of a water is normally equal to the total 
hardness*"Sliinus the magfiesium' hardness. " ' i . * 

•15. T or, F ' ^ } , ; ^ \' • 

Ion exchange reduces the carbonate and non-carbonate hardiness eqcrSTfly 
whereas lime softening pnly reduce^ the "carbonate hardness. 

.16: f or F" . . . . ^ 

Iron is most insoluble in the* ferric. (Fe ) state. 

17. The four water quality characteristics that are used to calculate the 
pHs- (saturation pH). are total dissolved solids, 



and^ . ^ <^ ' f 

18. The Langelier or Saturation Ihdexo's equal to. the pH-pHs. 

19. The Ryznar Index is equal to two times the pHs minus the actual, pH. 

20. A laboratory test that can be utilized to analyze for calcvtirh carbonate 
deposition tendencies is * / 

a. 'Oxidation-reduction 

b. Marble • , / ' ' * 

c. .Crenothrix" ^ ' ' 

d. The hydroxide/tarbonate ratio^ * 

, • - 

^ ■ 
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•2^1. T or F . V ' 

♦ 

•Iron can precipitate as iron oxides and iron hydroxide^. 

22- T; or F # ' ^ . . 

A^water with high pH, high aTkalinity and, high calcium* content 
would likely b"e'a depositing water. 

23: T or F " • \ ^ 

The process of recarbonation results in a decrease in the pH of 
* the water. 

24. Recarbonation *of a water to protect filters 

a. Reacts with. excess QH" ions 

b. Reacts with CaC03_^ < . * ^ 

c. Increases the HCO3 concentration 

d. All of the above 

25. Recarbonation^ of water refers to the addition of 

a. Soda ash, Na2C03 

b. Carbon, dioxide, CO2 

c. Activated. carbon , ^ ^ 

d. ^ Ammonium bic^irbonate, ilH4HC03 - * /^'^ 

26. T or F * ^ ' • . 

T^e flow resistance of piping increases,, that is the C value decreases, 
with increases in deposition* ^ 

27. Phosphates will tie up or chelate ferric (Fe ) iron because it is 
the most soluble form. 

28. Phosphate added after recar&«uiation and prior to filtrati,on in a water 
' ^ plant . ' 

a. Ties up (chelates) calcium and minimizes .CaC03 deposition 

b. Provides a nutrient for the bacteria to aid the filter 

c. Flocculates any bacteria or algae present 

d. Causes iron to precipitate . * , 

^ > 

29. T or F^ - • ^ , 

Higher temperatures in home and commercial water systems will increase 
deposition rates of CaC03,. ^ • ^ 

30. Corrosion of iron in piping can * * 

a. Result tn increases in the iron contenrt of the water ^ 

K. Result in the development of tubercuTaltion 

c. Provide a source of iron for iron bacyeria 

- ' d. All of the above 
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31. T • -or F • \ ■ , -• 
■JSalvani.c corrosion gan result from the contact o'f dissimilar metals. 

32. If a electrochemical corrosion qell is established with copper and 
castTron which metal will corrode (anodic) ' 



Q 



a. * Copper 

' b. Cast iron , 

33. Blue-green sitaining of enamel fixtures^ could result' from 

. a. "^anganese ^ 

b. Eopper corrosion 

c. TubercuTation 

-» • 

34. What is pitting corrosion and how does^it develope? \ 



35. TWO ways to analyze a cast iron distribution sys-tem for corrosion 
are 



- • a. 
b. 



^ 'm a n 

36. For each of the factors listed indicate how it affects corrosion 

' a. Alkaliai ty 

b. Carbon dioxide 

c. Dissolved Oxygen ' ^ . . ^ - 

d. Flow velocity 

37. Cite^an examplip of corrosion concern in a 

a. Fluoridation system ^ 

b. Chlorination system ' ; 



, 38., List two chemical approaches to corrosion control in 'distribution 
system. . . , \ ^ 

a. - .. - ^ 

— ' : « ^ A. 

b. ■ - ' 

39. ^Whlcji^of the following is an example of a corrosion inhibitor 

a. .Sodium aluminate . 

b. HOC! \^ - 

c. Zn-Phosphate ^' , 

/d. NH4HCO3 • * , 
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40. Which -of the following could be used to protect against steel or 
cast iron corrosion via cathodic protection • . ' 

a. Chromium • ' ' \ * 

b. Tin . . . V 

c. Magn^esium " ] . . 

^41 . T or F; 

Feeding, of alkali Chemicals is done to yield a water that Is deposj.t- 
ing or non-corrosiVe. - ' . ' 



42, 



List thre^ examp-T^of the use of alternate materials for corrosion 
control . v. ^ • 

a. ' ^ • t 



b, 
c. 



43; T or F ' ' ^- , - 

Main flushing will permanently correct corrosion prob.lenis,, 

44.^ Main^flushing could actually, cause ihcreas^tl staihfng problems because 

' ^ ' ^ ' . . , - . ' ' 

a. ^-^-Uuacjds o)iygan^ ' ^ \ ^ . ' 

b. It'wouT^dislodge deposits , 

c. ,Lt incre(rfs4| >)^on bacteria growth ^ ^ 

What are'two ma^er^'^^ls ^hat can be used with corrosive chemicals to' 
prevent cfitros^on " ^ r ' ' 

* - V - 'fc ^ > ' 



45, 



— — * 

b. ft • * 



46. T. or F^ > \ « \ 

Hydrogen sulfide fomation ii) a high sulfate water^ will most^likely 

' occur in high flow distribution areas ne^r the 'water plant. 

47. - -T or F : / . ' .r> . 

Iron bacteria c^^develop.e deposits in 'piping systems. 

48. ^List one control or tl^eatrient technique fop iron bacteria 3n a\water 

'system. * - . * \^ 



